INTRODUCTION
============

In Korea, the proportion of circulatory system diseases accounted for 22.0% of the all deaths in 2010 ([@B1]). In particular, the severity of cerebrovascular and cardiovascular diseases, among other diseases of the circulatory system, are such that they rank first and second, respectively, among mortality by single diseases in Korea ([@B1]). The Korea Statistical Information Service calculates and announces such mortality data annually, and mortality by cardio-cerebrovascular diseases effectively maintains a high rank every year.

Unlike mortality data, data of the incidence of cardio-cerebrovascular diseases available since 2007 are few. Regarding data of the entire incidence of cardio-cerebrovascular diseases in Korea known so far, there is the Center for Disease Control and Prevention report on the incidence rates of acute myocardial infarction (AMI) and stroke from 1995 to 2003 ([@B2]), and a study on trends in AMI incidence in Koreans from 1997 to 2007 ([@B3]). However, we cannot determine the current trends in cardio-cerebrovascular diseases because the available research data here are extremely insufficient compared to that of developed countries, and because a national level surveillance system that periodically yields incidence data does not exist.

A number of studies have analyzed the trends in the incidence of cardio-cerebrovascular diseases in many countries, and reported that incidence tends to decrease in most developed countries ([@B4], [@B5]). In the case of AMI, research based on the Framingham Heart Study ([@B6]) determined that incidence in the United States of America (USA) has decreased from the 1960s to the 1990s, and has decreased further in the late 1990s or towards 2000, according to research using hospitalization data ([@B7], [@B8]). In the United Kingdom (UK), research using national-level hospitalization data has determined that the incidence of AMI had decreased towards the 2000s ([@B9]). Research using data from the Danish National Health Service shows that the same has held true since 1984 ([@B10]). In Japan, hospital registration data have indicated that the incidence trends increased until the 1990s but leveled off in the 2000s ([@B11]). In the case of stroke, the Framingham Heart Study in USA found that incidence has decreased for the past 50 yr ([@B12]), and analyses using national-level data indicate that incidence has decreased since 1980 in the UK ([@B13], [@B14]). Furthermore, research involving the stroke registration system in Finland reveals that incidence has decreased since the 1980s ([@B15]), and the same tendency toward reduction has been observed in Japan and Hong Kong ([@B16], [@B17]).

As such, a number of countries have carried out a considerable amount of work on the incidence of cardio-cerebrovascular diseases, and current trends in incidence indicate a reduction. However, we have not attempted to study the recent incident rates of cardio-cerebrovascular diseases in Korea. Thus, this study attempted to calculate and investigate the incidence of hospitalized AMI and stroke in Korea from 2006 to 2010 using the National Health Insurance (NHI) claim data of the entire nation.

MATERIALS AND METHODS
=====================

Data source and data extraction
-------------------------------

The source data used for this analysis were those of the National Health Insurance Corporation\'s (NHIC) claims. These data, for the purpose of public research, were provided upon request by the Korea Centers for Disease Control and Prevention and 9 Regional Cardiocerebrovascular Centers.

The NHIC claim data consist of requests made by medical institutions in Korea to the NHIC in order to receive fees after providing medical services. For 2010, these data include approximately 800 million annual claims and the use of medical services by 48,906,795 medical insurance holders, and account for 96.7% of the entire national population, with 3.3% being the exception as medical aid recipients ([@B18]). In this study, we used a 5-yr data set from 2006 to 2010 and investigated hospitalized AMI or stroke patients at each year.

The NHI claim data contain principal and additional diagnoses, hospitalization/outpatient treatment, dates of examinations, medical fees, contents of medical services, prescribed medications, hospital codes, patients\' genders, ages, etc., and are arrayed according to the claims made by medical institutions on the basis of the contents of their examinations. Specifically, a number of multiple, not single, claim data are generated if a patient is examined at several different hospitals, or at a single hospital but for several different conditions. In order to resolve this issue, we arranged the medical records based on individual patients, and extracted the years of hospitalization from the data of the hospitalized AMI and stroke cased for analysis. We used a structured identification code provided by the NHI to identify individual patients. The NHI erased all private information such as name, social security number, address and phone number from the original patient claim data.

Definition of AMI and stroke
----------------------------

The diagnoses in the NHI claim data were made in accordance with the Korean Standard Classification of Diseases (KSCD), which is based on the ICD-10 code, an International Classification of Diseases, and ischemic heart diseases fall within the I20-I25 codes ([@B19]). While different studies define and select different AMI diagnostic codes for different purposes or in different circumstances, the present analysis defined only the I21 code for patients with AMI onset because it focused on patients with newly occurring AMI. While cerebrovascular diseases fall within the I60-I69 codes in the KSCD, the present analysis included the I60-I63 codes in the diagnostic codes for stroke ([@B19]).

Definition of the subjects
--------------------------

The subjects of this study were those patients who were hospitalized for AMI or stroke from January 1, 2006, to December 31, 2010. Though the NHI claim data contain principal and additional diagnoses, we selected patients hospitalized for principal diagnoses at each year. Given the characteristics of AMI and stroke, we excluded those who only received outpatient treatment but not hospital treatment because they were expected not to be newly diagnosed. As there were cases where some hospitalized patients were readmitted due to relapses or complications, we regarded such patients as having disease onset in the year of their first hospitalization, and excluded them if they were subsequently hospitalized. We also ruled out patients who were admitted into medical institutions as such as sanatoria or mental hospitals because such institutionalization was very likely not essential for acute treatment.

Make-up of incidence rates with readmission
-------------------------------------------

As disease incident means that a new disease occurs without previous conditions, patients who were hospitalized several times from 2006 to 2010 were regarded as subjects only in the year of their first hospitalization when we calculated the incidence rates. However, even with this approach, those who were readmitted during 2006-2010 but had had the condition before 2006 could not be considered patients with new disease onset. For example, a patient who developed a disease in 2005 and who was readmitted in 2006, though an affected, could be classified as one with disease onset in 2006 because we could not check the data before 2006. Mistaking affected patients for emerging patients in the year of observation in a study without previous information of incidence as such is known as the \'prevalent pool effect\' ([@B20]). In order to adjust for prevalent pool effect, long-term data should be used to establish a clearance period for the years before the starting year of research deemed sufficient ([@B2]). Thus, being regarded as affected patients, patients who were hospitalized for the clearance period were ruled out, and only patients who were never admitted for the period were considered newly affected patients.

However, the current study did not establish a clearance period to exclude patients hospitalized for the period because it only analyzed the data from a 5-yr period (2006-2010). Instead, in order to resolve the prevalent pool effect issue, we assumed a readmission proportion derived from the analyzable 2006-2010 data for adjustment based on the hypothesis that the readmission proportion during the 4 yr before 2006 would be the same as that calculated from our data. To create formulae for these processes, let R1-R4 be the calculated readmission proportions for 1-4 yr afterwards, then the 2006 adjusted incident cases (AIC) = the 2006 total incident case (TIC) × (1 - \[R1 + R2 + R3 + R4\]), the 2007 AIC = the 2007 TIC × (1 - \[R2 + R3 + R4\]), the 2008 AIC = the 2008 TIC × (1 - \[R3 + R4\]), and the 2009 AIC = the 2009 TIC × (1 - R4).

Statistical analysis
--------------------

The results are presented as the calculation of the incident cases of AMI and stroke, respectively, the proportion of male patients, mean ages, and the proportions among age groups (0-29, 30-44, 45-54, 55-64, 65-74, and over 75 yr). Moreover, we calculated the crude incidence rates for every 100,000 population, age-standardized incidence rates, and age-standardized incidence rates adjusted by readmission. In the calculation of crude incidence rates, the denominators were the numbers of registered residents in each year, and age-standardization is in 5 yr intervals. In the calculation of age-standardized incidence rates, the standard population was the mid-year population of registered residents in 2008. We subsequently calculated readmission proportions for 1-4 yr by checking whether the patients hospitalized in each year of observation were readmitted 1-4 yr after their first hospitalization, and the age-standardized incidence rates were adjusted with the calculated readmission proportions.

We carried out logistic regression using years as continuous variables to test yearly differences in the sex-based proportions of patients in each age group, and linear regression to test linear changes in the mean ages of yearly emerging patients. Tendencies of changes in yearly in-patient incidence rates were analyzed with Poisson regression. The analysis was carried out with SAS PROC GENMODE. The years with reference to 2006 were used as predictor variables, and the analysis was performed by separating response variables, including the numbers of the entire patient population, patients according to sex, and patients in each age group. The denominator, offset, was the population of registered residents in each group. We used SAS version 9.1 (SAS Institute, Cary, NC, USA) for all analyses, and the significance level is *P* \< 0.05.

Ethics statement
----------------

This study relied on secondary data from NHI. The data set did not include private information such as patient name, social security number, address, or phone number. Only non-identifiable aggregate results were released and they were openly available for public research purposes. For this reason, we did not seek institutional review board approval.

RESULTS
=======

Sex and age eharacteristics of hospitalized AMI and stroke patients
-------------------------------------------------------------------

The subjects who were diagnosed with AMI and hospitalized for treatment for the first time in 2006 in Korea amounted to 20,730, since then, the number continuously decreased and arrived at 15,893 in 2010, a 23.3% reduction from that in 2006. Males accounted for 65.7% of all in-patients (13,619) in 2006, while females made up 34.3% (7,111) of all in-patients. Since then, the proportion of male patients gradually increased while that of females decreased, and hence the former accounted for 69.9% of all patients (11,105) and the latter for 30.1% (4,788) in 2010 (*P* \< 0.001). The mean age of newly hospitalized subjects was 64.4 yr in 2006, and 64.8 yr in 2010. Though slight, the increase in onset age was significant (*P* \< 0.001). The proportion of the 65-74 yr age group was highest from 2006 to 2010, but gradually decreased (*P* \< 0.001). The proportion of in the over 75 yr age group significantly increased (*P* \< 0.001) ([Table 1](#T1){ref-type="table"}).

The number of subjects who were diagnosed with stroke and hospitalized for the first time was 102,210 in 2006, and since then, it continuously decreased to 73,501 in 2010, a 28.1% reduction from that in 2006. Males accounted for 50.6% of the all in-patients in 2006, while females accounted for 49.4%. Since then, the proportion of male patients gradually increased to 53.6%, and that of female patients gradually decreased to 46.4% in 2010 (*P* \< 0.001). The mean age of newly hospitalized subjects was 66.7 yr in 2006 and 67.2 yr in 2010, a significant 0.5 yr increase (*P* \< 0.001). The proportion of the 65-74 yr age group was highest at 31.8% in 2006, but subsequently decreased. Since 2008, the proportion of the group aged over 75 yr was the highest, and subsequently increased (*P* \< 0.001) ([Table 1](#T1){ref-type="table"}).

Proportions of readmission from the first hospitalized year during 2006-2010
----------------------------------------------------------------------------

The AMI readmission proportion for 1 yr after the year of observation was 5.50%, that for 2 yr was 1.52%, that for 3 yr was 1.06%, and that for 4 yr was 0.91%. The readmission proportion was higher in male patients than in female patients and in the 30-44 yr age group than in other age groups ([Table 2](#T2){ref-type="table"}).

The stroke, the readmission proportion for 1 yr after the year of observation was 10.14%, that for 2 yr was 5.85%, that for 3 yr was 4.28%, and that for 4 yr was 3.44%. The readmission proportion was higher in female patients than in male patients and in the over 65 yr age group than in other age groups ([Table 2](#T2){ref-type="table"}).

Incidence and trends in hospitalized AMI
----------------------------------------

The yearly crude incidence rates and age-standardized incidence rates of patients who were hospitalized for treatment of AMI for the first time from 2006 to 2010 are presented in [Table 3](#T3){ref-type="table"}, and the tendencies of the age-standardized incidence rates adjusted by readmission are illustrated in [Fig. 1](#F1){ref-type="fig"}. The 2006 crude incidence rate was 42.4 cases per 100,000 population, and subsequently decreased in a statistically significant manner to 31.7 cases per 100,000 population in 2010 (*P* \< 0.001). The 2006 age-standardized rate was 45.7 cases per 100,000 population, and subsequently decreased in a statistically significant manner to 29.4 cases per 100,000 population in 2010, 35.7% lower than that in 2006 (*P* \< 0.001) ([Table 3](#T3){ref-type="table"}). The age-standardized incidence rate after adjusting for readmission also decreased continuously and significantly after 2006, and amounted to 29.4 cases per 100,000 population in 2010, 29.3% lower than that in 2006 (*P* \< 0.001) ([Fig. 1A](#F1){ref-type="fig"}).

In both sexes, the crude incidence rates of newly hospitalized patients, age-standardized incidence rates, and age-standardized incidence rates adjusted by readmission decreased continuously and significantly from 2006 to 2010 (*P* \< 0.001). Moreover, all but the 0-29 yr age group, which had only a few affected patients, exhibited a significant decrease (*P* \< 0.001) ([Table 3](#T3){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}).

Incidence and trends of hospitalized stroke
-------------------------------------------

The 2006-2010 crude incidence rates of newly hospitalized patients with stroke, age-standardized incidence rates, and age-standardized incidence rates adjusted by readmission are presented in [Table 4](#T4){ref-type="table"}, and illustrated in [Fig. 2](#F2){ref-type="fig"}. The 2006 crude incidence rate of stroke was 209.1 cases per 100,000 population, and it continuously decreased in a statistically significant manner to 146.6 cases per 100,000 population in 2010 (*P* \< 0.001). The 2006 age-standardized incidence rate was 226.5 cases per 100,000 population, and decreased continuously and significantly to 135.1 cases per 100,000 population in 2010, 40.4% lower than that in 2006 (*P* \< 0.001). The age-standardized incidence rate adjusted by readmission also decreased continuously and significantly from 2006, standing at 135.1 cases per 100,000 population in 2010, 21.8% lower than the 172.8 cases per 100,000 population in 2006 (*P* \< 0.001) ([Table 4](#T4){ref-type="table"}, [Fig. 2A](#F2){ref-type="fig"}).

In both sexes, the crude incidence rates of newly hospitalized patients, age-standardized incidence rates, and age-standardized incidence rates, after adjusting for readmission, continuously decreased significantly from 2006 to 2010 (*P* \< 0.001). Moreover, all but the 0-29 yr age group, which had only a few affected patients, exhibited a significant reduction (*P* \< 0.001) ([Table 4](#T4){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

In order to examine recent trends in the incidence of AMI and stroke, we analyzed the NHI claim data, which contain the data of medical services used by 96.7% of the national population. Our analysis determined that the rates for crude incidence, age-standardized incidence, and age-standardized incidence after adjusting for readmission of patients hospitalized for treatment of AMI and stroke gradually decreased after 2006. Though this analysis has different output values compared with other studies carried out in Korea, the results suggest a similar tendency toward a reduction in incidence. The Health Insurance Review and Assessment Service analysis of the hospitalized AMI cased up to 2010 also determined that the number of hospitalized cases gradually increased from 20,322 in 2003 to peak at 23,080 in 2007, and then decreased to 21,636 in 2010 ([@B21]). Analyses of the incidence rate of patients hospitalized for AMI from 1997 to 2007 also reported that the age-standardized incidence rate was the highest at 82.1 cases per 100,000 population but decreased slightly to 78.3 cases per 100,000 population in 2007 ([@B3]). The report by the Korea Center for Disease Control (KCDC) that has analyzed the incidence rates of AMI and stroke from 1995 to 2003 from the NHI data, also demonstrated that the rates increased up to the early 2000s, but the tendency of increase slowed or became congested since 2002 or 2003 ([@B2]). To summarize these results, the incidence rates of hospitalized patients with cardio-cerebrovascular diseases in Korea may be considered to have become congested in the mid- 2000s, and then decreased since 2006 or 2007.

Until recently, much of the research on trends in the incidence and mortality of cardio-cerebrovascular diseases has been carried out in other countries. Though concerning different periods, the present results show that the decreasing trends in the incidence rates of cardio-cerebrovascular diseases in Korea are similar to those in other developed countries. Specifically, the USA has investigated trends in the incidence of cardio-cerebrovascular diseases since the 1950s through cohort data such as the Framingham study, and the Atherosclerosis Risk in Communities study, and currently monitors cardio-cerebrovascular disease incidence using large scale hospitalization data ([@B6]-[@B8], [@B12], [@B22]-[@B24]). Such studies in the USA reported that the incidence rates of cardio-cerebrovascular diseases have generally been decreasing since the 1960s or toward the late 1990s. Likewise, studies in the UK ([@B9], [@B13], [@B14], [@B25]) that examined trends in the incidence of cardio-cerebrovascular diseases using hospital registration data reported that the rates have decreased since the late 1990s or the early 2000s. As is the case in Korea, Denmark manages the medical service data for the entire national population via the health insurance system. Studies using such data report that the hospitalization rate of initial AMI has decreased since 1985 ([@B10], [@B26]). In addition, a study that analyzed research on stroke incidence in 56 countries via a systematic review of the literature reported that the rate has decreased in high-income countries since the 1970s ([@B5]), and some studies in Japan, a country geographically close to Korea and that possesses similar ethnic characteristics, also indicate that the rate has decreased since the 1970s ([@B16]). Additionally, Hong Kong studies have reported that the incidence rate of ischemic stroke has decreased until 2008 ([@B17]).

The reason cardio-cerebrovascular diseases began to decrease after the mid-2000s in Korea, as in other developed countries, is that preventive actions for the management and improvement of major risk factors of cardio-cerebrovascular diseases such as chronic illnesses and unhealthy lifestyles have paid off. This is because cardio-cerebrovascular diseases can be prevented by managing and improving risk factors such as chronic illnesses and unhealthy lifestyles, which are major contributors to the risk of cardio-cerebrovascular diseases ([@B27]). Most of the above mentioned studies also deem the preventive activities for managing and improving the risk factors as causes of the reduction in the incidence of cardio-cerebrovascular diseases ([@B6], [@B8], [@B12]-[@B14], [@B22], [@B25]). In fact, recognizing the importance of the prevention of chronic and cardio-cerebrovascular diseases, the Korean government established and carried out measures for the management of chronic diseases and cardio-cerebrovascular diseases in the 2000s ([@B28]). Accordingly, there has been no greater increase in the prevalence of hypertension, diabetes, and high cholesterol in Korea now than in the past, whereas the rates of awareness, treatment rate, and control rate have greatly improved in the 2000s. On the basis of such results, it is believed that the preventive care programs and projects for chronic illnesses and cardio-cerebrovascular diseases towards the 2000s in Korea are major contributors to the reduction in the incidence of cardio-cerebrovascular diseases.

We may consider the increase in the prescription of aspirin or statin medications as primary prevention to be another contributor to the reduced incidence of cardio-cerebrovascular diseases. Though there is no Korean research regarding the prescription rates or changes in the usage of such medications, we may conjecture that prescription or use has increased in comparison with that in the past. Drug prescription data in the USA and the UK have recorded a rapid rise in the use of anti-platelet drugs, such as aspirin, and lipid-lowering drugs since 1990 ([@B8], [@B29]), and the United States\' Preventive Service Task Force recommended the prescription of aspirin for primary prevention of cardio-cerebrovascular diseases in 2002. Thus, it is believed that the incidence of cardio-cerebrovascular diseases has decreased due to the increased use of medications as primary prevention.

The incidence of AMI appears to have decreased as coronary angiography has been performed preventively on patients diagnosed with angina pectoris, a pre-stage of the disease. In fact, according to the analysis made by the Health Insurance Review and Assessment Service, while patients hospitalized for AMI decreased from the mid-2000s to 2010, patients hospitalized for ischemic heart diseases increased continuously from 2003, and there were 65.5% more patients in 2010 than in 2003. Coronary angiography cases also constantly increased, hence there were 30.1% more cases in 2009 than in 2006 ([@B21], [@B30]).

This study investigated trends in the incidence of cardio-cerebrovascular diseases using state level data. As the data used in this study were collected to claim medical service costs, this study has limitations in the sense that it could not examine actual clinic information including patients\' symptoms and severities. In addition, the estimated incidence rates could have been lower than the actual rates derived from local society based investigations, because claims are not made for dead persons without hospital treatment after disease onset. Moreover, there could have been problems with the precision of diagnoses even if patients had received hospital treatment. In fact, a 2002 report analyzing the consistency between NHI data and hospitals\' clinical data determined that approximately 69.7% diagnostic precision ([@B31]). However, we believe that the diagnostic consistence in AMI or stroke may be higher than 69.7% because diagnostic consistency is higher in out-patients than in-patients, in main diagnostic codes than additional diagnostic codes, in severe diseases than frequent diseases, and in specialized general hospitals than other hospitals. Furthermore, this study might have more or less underestimated the incidence rates, as it ruled out patients diagnosed with AMI or stroke in additional diagnostic codes because it analyzed the data only in the main diagnostic codes. However, issues arising from such underestimation would be trivial, given the characteristics of AMI and stroke. This study analyzed only the 5-yr data from 2006 to 2010. Due to the prevalence pool effects, we might have overestimated the crude incidence rates of in-patients. However, we calculated and adjusted the readmission proportions with the provided data in order to address this issue.

Despite such limitations, the greatest strength of this study is that we have calculated the incidence rates using data accounting for 96.7% of the entire national population. As only a few countries, have compiled the medical service data of the entire national population, estimation of incidence rates should be carried out only using cohort data in partial regions or the patient data registered in some hospitals. While such results may have limitations due to the lack of representativeness of the population in general, this study has the advantage of using data from the entire national population to overcome such limitations. Moreover, at a time when research that has estimated the recent incidence rates of cardio-cerebrovascular diseases in Korea is insufficient, this study has merit in that it presents the analysis of recent data. Such results can be used as materials for management and preventive programs for cardio-cerebrovascular diseases and for future research.

In conclusion, the age-standardized incidence rates of both hospitalized AMI and stroke in Korea decreased continuously during 2006 to 2010. We consider this decreasing trend due to the active use of pharmaceuticals, early vascular intervention, and the national cardio-cerebrovascular disease care project as the primary and secondary prevention efforts. And then, further study on the determinants of the decline in these trends for public health purposes would be necessary.
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^\*^Results of *P* for trend were performed by logistic regression in dichotomous variables and by linear regression analysis in continuous variables using continuous year.
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Crude, age-standardized incidence of the hospitalized AMI overall and by sex, age interval
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^\*^Results of *P* for trend were performed by Poisson regression.
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Crude, age-standardized incidence of the hospitalized stroke overall and by sex, age interval
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^\*^Results of *P* for trend were performed by Poisson regression.
